Four year-long time-series sediment trap experiments were conducted along the equatorial Pacific Ocean in order to understand the biogeochemistry of particulate organic matter (POM) on the basis of amino acid (AA) and hexosamine (HA) compositions of the settling particles. Total mass flux in the study area varied over 4 orders of magnitude without a common seasonality among all trap sites. Planktonic blooms were apparent in terms of total mass and AA fluxes at the easternmost end of the Niño-4 region. AA fluxes closely followed the total mass flux profiles, suggesting that increased particle flux delivered a greater amount of labile OM to the deep ocean. A labile OM index (LI)-based classification showed that during the El Niño conditions in 2002, the eastern side of the equatorial Pacific transported relatively more labile OM than the western equatorial Pacific. An overall change in AA and HA composition of settling particles could be revealed with the help of discriminant analysis, suggesting that settling particles during El Niño were compositionally different from those settling during La Niña condition in the equatorial Pacific.
duction and carbon sequestration process in the equatorial Pacific Ocean is affected by the El Niño Southern Oscillation (ENSO) phenomenon, which is associated with modulations in sea surface temperature (SST) and upwelling intensity across the equatorial Pacific (Glantz, 1996) . Owing to these modulations, settling particle flux and plankton composition also vary longitudinally and temporally in accordance with the warm and cool phases of ENSO in the equatorial Pacific (Dymond and Collier, 1988; Mackey et al., 1997; Dunne et al., 2000; Gupta and Kawahata, 2002) . Such inferences were based on short-term sediment trap experiments in the eastern or western equatorial Pacific Ocean. Therefore, no continuum in the trend of decrease or increase in particle flux and composition is available.
Introduction
Carbon removal from the surface waters to the deep ocean is an important step in long-term sequestration of carbon from the active carbon cycle on the earth surface. There are two mechanisms to facilitate this sequestration: particulate organic matter (POM) production and carbonate skeleton production (Volk and Hoffert, 1985) . In the open ocean, this task is accomplished primarily by tiny plankton, whose biomass is only about 0.2% of all primary producers, but which account for a nearly equal amount of annual net primary production on the Earth (Field et al., 1998) . Thus a high production rate of OM in the ocean ensures removal of carbon from surface to deep waters and subsequent burial in sea floor sediments. Observations from the equatorial Pacific suggest that carbon from surface waters is removed mostly through vertical transport (Hansell et al., 1997) . The primary pro-cur due to changes in plankton species composition under ENSO-related changes in the western equatorial Pacific Ocean (Gupta and Kawahata, 2002) . ENSO-related changes in POM flux have also been reported from the eastern part of the equatorial Pacific Ocean (Dymond and Collier, 1988) . These changes in flux occurred either due to changes in the aeolian supply of nutrients or due to upwelling of nutrients from below the nutricline. In this paper we report data from a 4-year long time series sediment trap study conducted in the equatorial Pacific Ocean. The study area covered the Niño-4 region (160°E-150°W; 5°N-5°S) of the equatorial Pacific. The aim of this study was to understand regional variability in the POM flux and composition in the equatorial Pacific Ocean with respect to ENSO phenomena.
Study Area
The equatorial Pacific Ocean is characterized by a large area of warm surface watermass in the western side, commonly known as the western Pacific warm pool (WPWP), and a mild upwelling area on the eastern side. SST is usually higher than 28°C throughout the WPWP and lower in the upwelling area. The sediment trap deployment sites were chosen to cover both of these areas. The SST profiles based on data from Reynolds and Smith (1994) show that trap sites MT 1, 3 and 4 were located in the WPWP region, while trap sites MT 5, 6 and 7 came under the influence of WPWP towards the end of the sampling program in 2002 (Fig. 1) . The boundary between the WPWP and upwelling region shows longitudinal variations under the influence of ENSO (Le . Thermal and spatial variations in the WPWP may occur due to solar irradiation variations, ENSO events and global warming or cooling (Yan et al., 1992) . The southern oscillation index (SOI) and SST anomaly data suggest that during most of the sampling period, a cool phase of ENSO (La Niña) prevailed over the equatorial Pacific's Niño-4 region (Fig. 2) . Towards the end of the sampling period, however, a mild warm phase of ENSO (El Niño) was evident in this part of the Pacific (Garrett, 2000) . There are three major surface water currents in the study area: 1) north equatorial current (NEC), 2) equatorial counter current (ECC), and 3) south equatorial current (SEC). West-bound equatorial currents (NEC and SEC) are the major forces behind the piling up of warm water in the WPWP (Gordon and Fine, 1996) . Moreover, an eastbound subsurface water current, equatorial undercurrent (EUC), is also important from the viewpoint of affecting the sinking particle flux along the equator (Hansell et al., 1997) . Satellite-based SeaWiFS data and an in-situ data study suggest interannual and seasonal changes in chlorophyll-a in the equatorial region (Dandonneau et al., 2004) , and unusually large-scale planktonic blooms occurring under changing ENSO conditions in the western and eastern ends of the study area (Ryan et al., 2002) .
Material and Methods
Bottom-tethered sediment trap moorings were deployed in the equatorial Pacific during 1999-2002 under the GCMAPS (Global Carbon cycle and related MAPping based on Satellite imagery) program. The locations of the moorings in the ocean are depicted in Fig. 1 , and related information is provided in Table 1 . Each mooring had two cone-shaped sediment traps (SMD26S-6000, NichiyuGiken Co. Ltd., Tokyo). The details of sediment trap sample processing have been already published elsewhere (Gupta and Kawahata, 2002) . In brief, each sample was collected over a period of 2 weeks (some over a shorter time period) in polyethylene bottles containing filtered seawater and preservative (buffered formalin solution). The collected samples were filtered through a 0.45 µm represents site number without the prefix MT. Hatched area represents NINO 4 region, while shaded area represents equatorial upwelling area (Johnson et al., 2001) . WPWP is defined by 28°C isotherm (Yan et al., 1992) .
(pore size) filter after picking out macrofauna and objects larger than 1 mm size at the Geological Survey of Japan. The filter was then rinsed with Milli-Q water and dried at 40°C. Dried sample was removed from the filter and homogenised in an agate mortar for further analysis. The analysis of AA and hexosamine (HA) has been described in detail elsewhere (Gupta and Kawahata, 2000; Gupta et al., 2007) . In brief, a 2 to 10 mg sample was hydrolysed with 6N HCl at 110°C under an argon atmosphere in a sealed glass ampoule for 22 hrs. Internal standard solution (L-Norleucine, 50 µL) was also added to each ampoule prior to hydrolysis. The hydrolysed sample was filtered through a 0.45 µm (pore size) filter and then dried using a rotary evaporator. The residue was then dissolved in 1000 µL of a buffer solution (pH 2.2) or Milli-Q water. An aliquot of this solution (5-10 µL) was injected by an autosampler into a Shimadzu AA analyser HPLC or a Waters Separation Module (HPLC). In the case of the Shimadzu AA analyser, AAs were derivatized with ophthaldialdehyde, while in the case of Waters HPLC, AAs were derivatized with AccQ-Fluor reagent (aminoquinolyl-N-hydroxysuccinimidyl carbamate). The derivatized species were eluted through highly acidic cation exchange columns of the HPLC. The eluted AAs were then detected by a fluorescence detector and quantified with respect to the peak areas (chromatogram) produced by injecting a standard solution containing known concentrations of AA and HA. The HCl hydrolysis of the samples leads to conversion of asparagine and glutamine to aspartic acid (Asp) and glutamic acid (Glu), respectively. Therefore, Asp and Glu data in this study include some amount of asparagine and glutamine, respectively.
The replicate analysis of samples shows that this method produces results with a relative standard deviation less than 10%. The AA and HA composition of each sample was compared with that of other samples using discriminant analysis-a statistical tool. Ornithine and cysteine data were excluded from this analysis because they could not be measured in the case of a few samples, either due to their very low concentrations or due to incomplete separation from neighbouring peaks in HPLC chromatograms. In this analysis, linear combinations of independent variables (AA and HA) are formed that serve as a basis for classifying cases (individual samples) into one of the predefined groups (individual traps). The emphasis in discriminant analysis, like other multivariate procedures, is on analysing the variables (e.g. AA and HA in this study) together, not one at a time. Thus, the information contained in multiple independent variables is summarised in a single index. Coefficients estimated from the data are chosen in such a way that for the discriminant score (D-score), the ratio between "between-groups sum of squares" and "within-groups sum of squares" is a maximum. For a number of groups (k), (k-1) uncorrelated Dscores can be calculated, which maximise the ratio of between-groups to within-groups sum of squares, subject to the constraint of being uncorrelated (Norusis, 1994) . AA and HA concentrations (nmol mg -1 ) were used as independent variables in the discriminant analysis using the software SPSS ver. 6.1 on a Macintosh computer. Each trap was defined as a unique group prior to analysis, thus creating a total of 17 unique groups taking care of all the traps. The prior probability of any case (sample) belonging to any group was therefore 0.06. The analysis generated 16 discriminant function scores for each case which should have been interpreted simultaneously to define grouping of any case. However, for the sake of simplicity, we plotted only first two scores of each case (Fig. 8 ). This figure needs to be interpreted with caution, since only 2 scores are plotted and the number of samples from some traps is not sufficient to avoid violation of assumptions made in the discriminant analysis. 
Results and Discussion

Fluctuations in physical environment
As mentioned above, the entire sampling duration in this study was marked with warm as well as cool phases of ENSO (Fig. 3 ). An SST anomaly larger than 0.5 degree from normal is commonly identified as El Niño (warm phase) or La Niña (cool phase) (JMA, 1991). Considering this limit of 0.5 degree, the ENSO condition was close to normal-neither El Niño nor La Niña-only during brief intervals within the entire sampling period of this study. More detailed examination of the SST anomaly at each trap site (Fig. 2) suggested that at Sites MT 1 and 3, El Niño conditions prevailed at the beginning of 1999, towards the end of 1999 through the beginning of 2000, and again towards the end of 2000 through the beginning of 2001. These fluctuations in SST anomaly occurred with greater amplitude at Sites MT 4-7, and preceded those at Sites MT 1 and 3 by a couple of months. Both SST and SST anomaly at Sites MT 6 and 7 became rather stable towards the end of 2001 and rose sharply during 2002, indicating warming of eastern equatorial waters under El Niño conditions. The 28°C isotherm plotted using the data collected during sediment trap deployment and recovery in January-February 2002 also showed an eastward (as far as 165°W) shift of eastern boundary of the WPWP (Matsumoto et al., 2004) , which was an indication of prevailing El Niño conditions in the equatorial Pacific Ocean.
Settling particle collection by the sediment traps is associated with some biases which need to be considered while interpreting the data obtained from trap experiments (e.g., Hansell and Newton, 1994; Rodier and Le Borgne, 1997; Dunne et al., 2000; Yu et al., 2001; Fleisher and Anderson, 2003) . Trapping efficiency is a matter of concern, if the traps are deployed in shallow waters, where hydrodynamics and sample integrity become major concerns (Buesseler, 1991) . In order to minimize the hydrodynamic effects we deployed traps at the water depths of 700 to 1040 m. We deployed traps at deeper water depths, too, at each site. However, particles resuspended from the seafloor can potentially contaminate the samples collected in the deep water traps (Walsh et al., 1988; Rutgers van der Loeff et al., 2002) . In fact, some of the deep water traps in our study recorded particle fluxes much higher than concomitant shallow water traps (data unpublished). Therefore, we shall limit our discussion of biogeochemistry of settling particles to the samples obtained from shallow water (700 to 1040 m) traps only. All data in this study are based on analysis of particles less than 1 mm in size.
Fluctuations in particle flux
Total mass flux along the equatorial Pacific varied over 4 orders of magnitude from 0.02 to 229.83 mg m -2 d -1 (Fig. 4) . Very low mass flux values were recorded at Site MT 3, while the highest flux was recorded at Site MT 7. The very low flux samples did not provide sufficient quantities for AA analysis, therefore, there are no AA data for these samples. The AA flux varied over 3 orders of magnitude from 0.07 to 18.04 mg m -2 d -1 . Very low to very high AA fluxes occurred at Sites MT 3 and 7, while other sites provided intermediate values. Significantly high correlations (r = 0.79 to 0.94; n = 42-65; p < 0.01) between the mass and AA fluxes at all sites suggested that higher mass flux generally supplied higher content of labile compounds like AA to the deep ocean. A common seasonal pattern of high flux was visible at Sites MT 1, 3 and 5 only during February-April, 1999 . At other sites and periods, no similarity in seasonal pattern was evident. Although fluxes changed gradually with time at a given site, a sudden increase in fluxes was recorded more often at Site MT 7 than any other site. The sharp peaks in mass flux coupled with AA flux may be attributed to the occurrence of sporadic planktonic blooms. Site MT 7 is located in the region where planktonic blooms occur due to wave-forced shoaling of nutrient source waters directly into the euphotic zone, along-isopycnal upwelling, and wind-driven upwelling (Ryan et al., 2002) .
Barring the very low flux values, the range of mass flux recorded in this study was comparable with that observed in other studies in the Pacific as well as in other oceans of the world. depth at Site C (1°N, 139°W) (Dymond and Collier, 1988 . At Sites 11 and 12 located in the Coral Sea, Southwest Pacific, mass flux varied from 4.2 to 58.7 mg m -2 d -1 (Gupta and Kawahata, 2003a) . Along 175°E longitude in the North Pacific, mass flux varied from 13.2 to 207.7 mg m -2 d -1 with higher flux occurring in the subarctic gyre area (Kawahata et al., 1998) . In the central Bay of Bengal (CBBT Site), mass flux varied between 69.7 and 232.1 mg m -2 d -1 (Schäfer et al., 1998) . In the Atlantic Ocean, average mass flux was reported to be 53.2 mg m -2 d -1 at 34°N, 21°W and 56.7 mg m -2 d -1 at 48°N, 21°W (Honjo and Manganini, 1993) . Lundgreen and Duinker (1998) reported mass flux in the range of 5-170 mg m -2 d -1 from the 47°N, 20°W in the Atlantic Ocean. Relatively high average mass fluxes (47-246 mg m -2 d -1 ) were reported from the POMME zone located between 39°-43°N and 17°-19°W in the Atlantic Ocean (Guieu et al., 2005) .
AA fluxes from the central north Pacific (along 175°E) varied between 0.3 and 13.6 mg m -2 d -1 (Gupta and Kawahata, 2003b (Gupta and Kawahata, 2002) . At Sites IRS-S and NVC-S (140°W on equator), average AA fluxes were reported to be 7.8 and 9.0 mg m -2 d -1 (Lee et al., 2000) . In the Bay of Bengal, AA flux varied between 1.1 and 19.8 mg m -2 d -1 measured at NBBT, CBBT and SBBT sediment trap sites (Unger et al., 2005) . Thus, the range of mass and AA fluxes reported in this study are within the range observed in other sediment trap studies in different parts of the world ocean.
Fluctuations in composition of particles
Flux-weighted averages of each AA and HA at respective trap sites are provided in Table 2 . Inter-trap comparison suggested that composition of settling particles in terms of Asp, Glu, lysine, threonine, serine, glycine, alanine, valine, isoleucine, leucine, proline, phenylalanine and glucosamine varied only to a limited extent (standard deviation less than 10% of average value for all traps). In contrast, the composition of particles in terms of histidine, arginine, tyrosine, cysteine, methionine, β-alanine, γ-aminobutyric acid and galactosamine varied considerably from one trap to the other. AAs are among the labile (preferentially degradable by enzymes) components of POM and are metabolized as they sink through the water column (Lee and Cronin, 1984) . Amino acid-and hex- Table 2. osamine-based parameters have been used in many studies to explore the biogeochemistry of POM in the marine environment (Cowie and Hedges, 1994; Hashimoto et al., 1998; Suthhof et al., 2000; Gupta and Kawahata, 2003b) . Production of non-protein AAs (β-alanine (β-Ala) and γ-aminobutyric acid (γ-Aba)) in environmental samples may be attributed to preferential decomposition of protein AAs (Asp and Glu, respectively) (Wakeham et al., 1984) . Thus the ratios Asp/β-Ala and Glu/γ-Aba can be used as indicators of microbial degradation of POM, with low ratios indicating relatively more degraded POM (Ittekkot et al., 1984b) . The molar ratio of total AAs and HAs (AA/HA) indicates the relative degree of microbial reworking and phyto-and zoo-planktonic sources of POM (Degens and Ittekkot, 1984) . Low AA/HA, with HA being mostly glucosamine (Glc-NH 2 ), indicates large amounts of chitinous material in the samples. Bacterial cell walls posses both Glc-NH 2 and Gal-NH 2 (Wolla et al., 1984) , and yield a Glc-NH 2 /Gal-NH 2 ratio of <4 (Kandler, 1979) . The Glc-NH 2 /Gal-NH 2 (galactosamine) ratio is therefore often used to differentiate chitinous zooplankton from microbial biomass (Haake et al., 1992) . Considering the wide possibility of application of AA based parameters in interpreting compositional changes of settling particles in space and time, the data from this study were used in the calculation of these parameters in order to understand the biogeochemistry of settling particles in the equatorial Pacific Ocean. From the viewpoint of having an overall look at all the parameters, the average values of selected parameters have been plotted in Fig. 5 . Time-weighted averages of total mass flux showed higher particle flux in the equatorial upwelling zone than Table 2 . Flux-weighted average composition of individual amino acids and hexosamines (in mole %) in each time-series sediment trap deployed along the equator during 1999-2002. in the WPWP. Moreover, higher AA fluxes implied that particles settling in the upwelling zone were richer in labile components than those settling in the WPWP. These longitudinal trends in flux and richness of labile components in settling particles were also supported by fluxweighted average molar ratios Asp/β-Ala and Glu/γ-Aba for each trap site along the equator. However, departing from the trend, Glu/γ-Aba was unusually low at 170°W for some reason that is not immediately clear. A decreasing relative mole content of non-protein AA (β-Ala+γ-Aba) also indicated that relatively fresher POM was settling in the eastern Pacific than in the WPWP during this study. In addition, Glc-NH 2 /Gal-NH 2 suggested that settling particles in the upwelling region were relatively rich in zooplanktonic debris. Indeed, this part of the equatorial Pacific has been reported to be relatively rich in zooplankton compared to the area lying to its west (Le Table 2 . (continued). Rodier et al., 2000; Roman et al., 2002) . Generally, the Glc-NH 2 /Gal-NH 2 ratio varies between 1.0 and 2.5 in particulate OM in the ocean, and in case of zooplankton it can be >14 (Benner and Kaiser, 2003) . In the Drake Passage, the ratio in trap material ranged from 4.1 to 4.7, and these high values were attributed to zooplankton (Müller et al., 1986) . Relatively high values of the ratio were also reported from the North Pacific (6.4-10.6) and South Pacific (2.7-32.7) sediment traps, and they were attributed to an increase in zooplankton biomass (Gupta and Kawahata, 2003a, b) .
Labile organic matter index
The particles settling from the ocean surface consist of dead bodies of plankton, structural components of many organisms, bacteria, fecal pellets etc. (Alldredge and Silver, 1988) . AAs are important constituents of organ-isms. Therefore, OM in the settling particles shows an AA composition which seems not to differ much in time and space. However, there are some AAs which decompose at a faster rate than other AAs, and thus produce markers for monitoring the decomposition of OM in time and space due to microbial enzymatic action. For instance, the ratios Asp/β-Ala and Glu/γ-Aba have very often been used to give a qualitative estimate of the degradation of OM in environmental samples (e.g., Lee and Cronin, 1982; Henrichs and Farrinton, 1987; Gupta et al., 1997; Petersson and Floderus, 2001; Gupta and Kawahata, 2003a) . However, these two ratios sometimes do not complement the trend shown by each individually, as is evident from some low correlation coefficient values between them in this study (Table 3) . We therefore estimated these ratios in an inverse fashion and worked out a parameter that incorporates both of them, and signifies the extent of OM degradation. This parameter may be termed the "Labile OM index (LI)", because it specifies the extent of degradation of 2 protein AAs (Asp and Glu), which are relatively abundant in the samples. If these 2 AAs were being degraded, the remaining protein AA may also be assumed to be degrading, because AAs are an important source of nutrient and energy. The LI is calculated using the following equation:
where AA concentrations are in mole units.
In the case of time-series sediment trap samples, LI Table 3 . Correlation coefficients between various parameters estimated from sediment trap data.
RI ( varied between 0 and 6, with low values indicating OM rich in labile components like AAs. In the case of highly degraded OM in 217,500 yr old marine core sediments (Gupta and Kawahata, 2003c) , the LI was as high as 208.6. In our trap samples, the LI values showed significantly high negative correlations with reactivity index (RI) (Table 3). The RI is based on aromatic and non-protein AAs (Jennerjahn and Ittekkot, 1997) and lower values of this index imply highly degraded OM. Thus an inverse correlation between these two indices (LI and RI) was quite Table 3 ), which was introduced by Dauwe and Middelburg (1998) to distinguish samples containing highly degraded OM from those containing rather less degraded OM. It seems that when a sample matrix varies over a wide range, from fresh plankton to turbidites, DI yields significant information about labile OM content of the samples. However, in the case of samples with very small difference in the matrix, as in the case of our sediment trap samples, indices like LI and RI are more useful than DI in identifying subtle changes in labile content of OM. A similar inference was drawn by Unger et al. (2005) , that RI was sensitive to degradation of OM within the water column while DI helped in differentiating sedimentary degradation stages. In the present study all samples were from sediment traps only, so we ignored the DI and examined the time-series plots of LI at each trap site (Fig. 7 ) in order to understand relative changes in the composition of labile OM in each sample. The LI profiles showed that settling particles were poor (high LI) in labile components of OM at Sites MT 1 and 3 most of the time during the El Niño condition. In contrast, particles were rich (low LI) in labile components at Sites MT 5 and 7 under the La Niña condition. However, at Site MT 6, particles were relatively poor in labile components during the same period.
Discriminant analysis of AA and HA composition
AA and HA composition of each sample possesses an overall unique characteristic which is resolved by discriminant analysis (Fig. 8) . The two discriminant scores, especially score 1, apparently classify all the samples into two major groups, one of them representing El Niño samples while the other represents La Niña samples. The samples from trap #6, 9, 13, 15, 17 (Table 1) collected during 2002 at all sites have been classified into El Niño samples, which is in contrast to the La Niña condition reported for the year 1999-2001. A closer look at the equatorial SOI (Fig. 3) indicates that the 2002 El Niño was relatively weak (small negative deviation from mean). This weak El Niño might have caused little change in biogeochemical properties of settling POM in terms of AA and HA composition. The observed difference in AA and HA compositions may be attributed to the expansion of warm oligotrophic waters of the WPWP, leading to enhanced production of Prochlorococcus (Matsumoto et al., 2004) . The warm, oligotrophic conditions of the WPWP may also have promoted growth of Trichodesmium (Capone et al., 1997) and diatoms (Kobayashi and Takahashi, 2002) relative to other plankton during 2002 El Niño conditions. Owing to effect of ENSO fluctuations, changes in the diversity of microphytoplankton in the equatorial Pacific (Liu et al., 1996) , copepods along the west coast of Baja California, Mexico (HernandezTrujillo, 1999) , and fish in the global ocean (Worm et al., 2005) have been widely reported. Since plankton species composition affects the efficiency of the biological carbon pump (Dandonneau et al., 2004) , a change in plankton diversity may be reflected in minor changes in AA and HA compositions of settling particles, as revealed by the discriminant analysis. In a few recent studies, changes in AA composition have been attributed to the changes in planktonic diversity (Braven et al., 1995; Petersson and Floderus, 2001; Kalachova et al., 2004; Brucet et al., 2005) .
Particulate OM production and its subsequent burial in the seafloor are important steps in the global carbon cycle, because they sequester a considerable amount of carbon as the particles sink from the surface to the deep ocean and are finally buried into seafloor sediments on the geological timescale. In the equatorial Pacific Ocean, this sequestration of carbon is largely influenced by ENSO phenomenon, which affects nutrient supply in surface waters and thus planktonic productivity (Dymond and Collier, 1988; Gupta and Kawahata, 2002) . The time-series data from the present study clearly show that changes in nutrient upwelling patterns affect the production of particulate OM. Since particulate OM production is a result of primary productivity, our data further corroborate the inference that ENSO is an important factor in controlling primary productivity and particle flux to the deep ocean. 
Conclusions
Detailed examination of the time-series data based on an analysis of settling particles, smaller than 1 mm in size, collected at 700-1100 m water depth along the equatorial Pacific in this study leads to the following conclusions:
Total mass flux of settling particles to the deep ocean varied from 0.02 to 229.83 mg m -2 d -1 with no regular seasonal trend, and amino acid (AA) flux varied from 0.07 to 18.04 mg m -2 d -1 . High correlation coefficients (r = 0.79-0.94; n = 42-65; p < 0.01) between the 2 fluxes suggested that higher particle flux delivers larger amounts of labile OM to the deep ocean.
As reflected by sharp peaks in total mass and AA fluxes at Site MT 7, ENSO-related fluctuations in the marine environment caused occasional planktonic blooms at the eastern end of the WPWP during La Niña-El Niño transitions.
Although various AA-based parameters are used to infer relative freshness of settling POM, the labile OM index (LI) established in this study indicates the relative freshness of settling POM more accurately, as also indicated by the reactivity index (RI), than the degradation index (DI).
Detailed examination of overall composition of AA and HA in settling particles with the help of a statistical tool (discriminant analysis) shows that the composition of particles settling during El Niño is significantly different from that during La Niña.
